1983. The Lower Kimmeridge Clay at Westbury, Wiltshire, England. Proc. Geol. Ass. 94 (4), 28S309. A section is described through 40 m of the Jurassic Lower Kimmeridge Clay at Westbury cement-works, Wiltshire. It extends from the upper Rasenia cymodoce Zone (3 m) through the whole of the Aulacostephanoides mutabilis Zone (22.3 m) into the lower Au1acostephanz.u eudoxus Zone (14.5 m) of the Kimmeridgian, together divisible into some 30 beds. Ammonites and bivalves occur in profusion with other groups as subsidiary elements, and assemblages of varying diversity and association are recorded bed by bed. The succession can be correlated very closely &h those of eastern England (Wash boreholes), the Dorset coast and the Aquitaine Basin in western France. Two sharp and major discontinuities in the ammonite succession at Westbury can be recognized over this whole area and are proposed as basis for formal definitions (by their bases) of the Mutabilis and Eudoxus Zones. The exposure of the Mutabilis Zone at Westbury is the best recorded so far, and makes it possible to delimit the zone satisfactorily for the first h e both there and on the Dorset coast.
l. INTRODUCTION
The Lower Kimmeridge Clay is one of the last parts of the British Jurassic to await a modern stratigraphical revision. The main obstacle has been lack of exposures. The only permanent and readily accessible outcrops are on the Dorset coast, but weathering of the soft shales and landslips make recovery of well-preserved material difficult; the exposures become good only from a level near the top of the Lower Kimmeridge Clay upwards (Arkell, 1947; Cope, 1980) . The lithostratigraphy south of the Humber has been surveyed in considerable detail in recent years by the ~'nstitute of Geological Sciences, based mainly on the evidence of borings (Callomon & Cope, 1971; Gallois & Cox, 1976; Gallois, 1978) but including a revision of what there is to be seen on the Dorset coast (Cox & Gallois, 1981) . These studies have revealed a succession that is remarkably constant over the whole area. Individual beds can often be followed by their lithology and their fossils over distances of 100-200 km. Lithostratigraphic correlation and classification are therefore rather complete. Chronostratigraphic classification is less satisfactory. Relatively little has been done in Britain since the time of Salfeld (1913 Salfeld ( , 1914 who set up the ammonite zonation for the sub-Boreal Anglo-Saxon Province in use to-day. He subdivided the Lower Kimmeridgian Stage sensu anglico which, following original French usage that is becoming the internationally accepted usage, was far him the whole of the Kimmeridgian, into five standard ammonite Zones: Baylei (lowest), Cymodoce, Mutabilis, Yo and Pseudomutabilis (highest). The last two were replaced by two others by Ziegler (1962) : Eudoxus and Autissiodorensis Zones, respectively. This scheme used without qualification has now become an oversimplification that conceals a succession of faunas. The part least well known is the Mutabilis Zone. A revision has become urgent, for the Lower Kimmeridgian was a period marked by major changes of sedimentary regime, for example widespread anoxic events, that extended from Greenland in the north to the Aquitaine Basin in the south and the Russian Platform in the east. These changes were accompanied by important developments in the evolution of the ammonites, which became strongly segregated into a number of distinct fauna1 provinces, thereby raising problems of correlation. They are also reflected in the non-ammonoid organisms, which span a rich spectrum of facies and diversity hitherto hardly examined.
We describe here a major section of some permanence in a clay-pit dug for cement-making at the Blue Circle Portland Cement Company's works at Westbury, Wilts. (Grid Reference ST 882528). The beds dip 5" SSE and expose some 41 m of Kimmeridge Clay, including the upper Cymodoce Zone (2.5 m), the whole of the Mutabilis Zone (23.3m) and the lower Eudoxus Zone (14.5m). The richness and diversity of the fossil faunas is immense at almost all horizons, and the present description is intended as a framework to which more detailed studies on microand macro-faunas, stratigraphy and geochemistry may be related later. (1) Rasenia-Aulacostephanus.
Much new stratigraphical information obtained since these genera were last extensively discussed (Geyer, 1961; Ziegler, 1962; Arkell & Callomon, 1963) makes it necessary to revise our views of their interrelationships.
The faunal sequence in the Lower Kirnrneridgian of England could be divided into five successive groups which were made the basis of Salfeld's zonal classification. . The faunas appeared to be mutually exclusive, i.e. non-overlapping, but each retained enough of the characters of its predecessors to suggest that they formed an evolutionary sequence. The phyletic development of the characteristic ventral smooth band was thought to be particularly significant, and so the boundary between Rasenia and Aulacostephanus was drawn between 111 and IV, in the middle of the 'fine-ribbed rasenids' of the Mutabilis Zone. What was not clear was the nature of the boundaries between groups I1 and 111, and IV and V, i.e. the faunal changes at the boundaries of the Mutabilis Zone as a whole. These are now revealed at Westbury.
The forms of Rasenia in the upper Cymodoce Zone were already summarized on a previous occasion (Birkelund et al., 1978) . They consist predominantly of the two species made famous through the old collections from Market Rasen, Rasenia involuta Spath (type species of the genus) and R. evoluta Spath. Further collecting at Westbury confirms the previous conclusions that, making allowance for crushing, the range of forms found in bed C5(e) is identical with that of R. evoluta from Market Rasen in both dimorphs. The fauna from slightly lower, CS(c) contains some variants resembling R. involuta, but the assemblage as a whole is not quite the same: it seems intermediate between R. involuta and R. evoluta. These upper beds of the Cymodoce Zone also already contain representatives of the fine-ribbed rasenids that dominate in the Mutabilis Zone. They are relatively rare and distinct from R. evoluta, but differ little from those above. It seems therefore that the fine-ribbed forms and Rasenia were already following separate evolutionary paths before the top of the Cymodoce Zone and they can now be separated generically; the name Rasenioides Schindewolf is available for the fine-ribbed forms (type R. striolaris (Reinecke)). The transition from group I1 to group 111 is sharp, occurring at Westbury within a span of at most 30 cm, but it reflects a sudden change in relative proportions of the two faunas rather than their lineal succession. The transition appears to be equally sharp elsewhere in England (Gallois & Cox, 1976; Cox & Gallois, 1981) , and makes a fine basis for the boundary between Cymodoce and Mutabilis Zones. Further afield it may be more difficult to recognize. Rasenia s.s. for instance never colonized southern Germany, the type-area of Rasenioides, or the Jura, its place being taken there by other groups that in turn are unknown in Britain. The Cymodoce Zone cannot therefore be recognized there as such. The Mutabilis Zone did not however see the end of the Rasenia line: the discovery of two specimens in bed M1 at Westbury indicates that it lingered on. It had probably merely migrated further into the Boreal Realm.
(2) Xenostephanus. In addition to the groups 11-V discussed above, there were some others that were hard to place, in particular one from glacial boulders in Lincolnshire. It had already most of the morphological characters of group V, including the non-fasciculate secondary ribbing and the ventral smooth band or groove, but the associated fauna pointed to a much lower level, equivalent to group I11 somewhere in the lower Mutabilis Zone. It was given the name Xenostephanus (Arkell & Callomon, 1963) . The fauna was subsequently found in situ in the Elsham Sandstone, an arenaceous local facies of the Kimmeridge Clay in northern Lincolnshire, but no adjacent faunas could be seen so that no independent evidence of its position in the sequence was forthcoming. The genus was subsequently reported as widespread in southern England, marking a 'Xenostephanus horizon' still incorporated in the Cymodoce Zone (Gallois & Cox, 1976) .
The 'Xenostephanus horizon', if present at Westbury, would have to be identified there with bed C5(e), the horizon of R. evoluta. This horizon is not the same as the Xenostephanus horizon that yielded the type material ( X . ranbyensis Arkell & Callomon (M) and X. thurrelli (Arkell & Callomon) (m)), in the Elsham Sandstone. In the boreholes around the Wash, where the 'Xenostephanus horizon' was first defined (Gallois & Cox 1976, bed 12) Xenostephanus is recorded as a constituent of a fauna containing also both ordinary Rasenia of the group of R. evoluta, and Rasenioides. In the Elsham Sandstone Rasenia S.S. is very rare and the dominant component of the fauna is Rasenioides at the stage of its evolution about half-way between the forms with and without ventral interruption of the ribbing: variants with and without ventral smooth band occurred together in the same block. This indicates a level equivalent to something between beds M3 and M8 at Westbury, well above the Cymodoce Zone but still well down in the Mutabilis Zone, far below true Aulncostephanus of the Eudoxus Zone. A similar fauna of Xenostephanus s.s. has since been described from northern Siberia (Mesezhnikov, 1969 ) and it appears to occur at a similar horizon. The position of Xenostephanus reported around the Wash in eastern England could therefore have several interpretations. Firstly, some of the specimens recorded as Xenostephanus could have been misidentified, for we have repeatedly found variants of microconch R. evoluta at Westbury that, when crushed, certainly have a strong resemblance to microconch Xenostephanus S.S. and to the equally crushed specimens figured by Gallois & Cox (1976, p1. 3), particularly in the adult bodychamber. They could however be distinguished by comparing the inner whorls, those of Rasenia retaining the characteristic bullate, primary ribs and fasciculate secondaries in contrast to the coarse bi-or trifurcate secondaries exposed in the umbilicus of Xenostephanus. We found none at Westbury with ventral smooth band, although occasional uncrushed specimens in the museums from Market Rasen do show signs of incipient ventral grooves while otherwise retaining all the characters of R. evoluta. Secondly, it could be that forms with the generic characters of Xenostephanus range lower in eastern England, into the top of the Cymodoce Zone, than they do at Westbury. This would imply provincial differentiation between Norfolk and Wiltshire of Rasenia s.s. and these early forms resembling Xenostephanus. This would not be surprising, for the subsequent distribution of A Rasenin involuta Spath [M] . Complete, feebly-ribbed adult, x 0.5. Westbury, bed C5(c) B Rasenia involuta Spath transitional to R. evoluta Spath [M] . Plaster cast of complete adult with strongly and densely ribbed inner whorls, X 0.5, bed C5(c) C,D Rasenia evoluta Spath [m] . Bodychamber fragment and almost complete adult of coarsely-ribbed variants, natural size; bed C5(e) E Rasenia evoluta Spath [M] . Some at least of the outer whorl is bodychamber; note the variocostate modification of the ribbing on the last quarter whorl. Natural size, bed C5(e).
Xenostephanus was indeed provincially highly restricted. Nor would there then be any objections to calling these early forms already Xenostephanus. But in that case it would have to be made clear that these early forms of Xenostephanus, in the 'Xenostephanus horizon' in the upper Cymodoce Zone, were not the same as the Xenostephanus S.S. in the Elsham Sandstone of the Mutabilis Zone. The genus would now be interpreted as covering a range of forms, from Cymodoce to Mutabilis Zones; but then there would be more than just 'the' Xenostephanus horizon. Thirdly, Gallois & Cox's bed 12 in eastern England is stated to have a thickness of 3.7 m. It might therefore be composite: different parts might carry different faunas. With the Cymodoce-Mutabilis boundary as taken at Westbury somewhere in the middle, there would be plenty of room both for the Rasenia evoluta horizon in the lower part and enough of the Mutabilis Zone in the upper part to bring in the first Xenostephanus, within the same bed. Whatever the true case may be, the 'Xenostephanus beds' of East Anglia as defined by bed 12 of Gallois & Cox cannot be identified at Westbury, and we prefer therefore to avoid the use of the term outside the area in which this bed can be explicitly recognized. The related question of the position of the Cymodoce-Mutabilis boundary will be discussed again below. (3) Aulacostephanoides Schindewolf. Another problem remaining to be resolved lies in the 'early fine-ribbed Aulacostephanus', group IV, in the upper Mutabilis Zone. The macroconchs were all placed by Ziegler (1962) into Aulacostephanoides Schindewolf (type species Arnrn. desmonotus Oppel), the microconchs in a new subgenus Aulacostephanites (type species Au. eulepidus (Schneid) ). The macroconchs cover a wide range of forms in which two extremes can be distinguished: (a) small, compressed involute forms, diameter 8G150 mm, the primary ribs tending to fade: Au. desmonotus (Oppel), linealis (Quenstedt); (b) large, evolute planulates, diameter 20G300 mm, the primaries prominent and welldifferentiated, at least on the inner whorls; Au. rnutabilis (Sowerby). Morphologically intermediate forms include Au. circumplicatus (Quenstedt). The material seen by Ziegler chiefly came from old museum collections with little stratigraphic information beyond 'Mutabilis Zone' or 'Acanthicum Zone', so that it was impossible to decide to what extent the morphological diversity reflected synchronous intraspecific variability on the one hand and stratigraphically successive stages on the other; and if the latter, what the correct sequences are. All the forms occur at Westbury and the relationships may be quite complicated. Thus the Mutabilis Limestone, bed M18, contains a sharply-defined layer of large complete adult macroconchs that appear to be the true Au. rnutabilis itself, with no representatives of the small fine-ribbed linealis group. In contrast, bed M21 fig. 24 ; levels White Jura 63). Fragments could be found in the infill of burrows descending as much as 10 cm into the top of bed M21 below, but not a single undoubted fragment of Au. linealis was found in E l . The macroconchs have inner whorls indistinguishable from those of the microconchs; they are evolute, strongly ribbed to about lO0mm and then become smooth. Two complete adults with simple peristome at final diameter of around 300 mm were excavated only 2 cm above the base of the bed; microconchs with lappets also occurred.
The observations confirm previous indications (Callomon, 1971 above the base of the Zone). At Westbury it is represented by bed E6, 11.5 m above the base of the Eudoxus Zone. The material from all these localities is fragmentary, but it is the same as that from the old clay-pits around Ely now in the Sedgwick Museum, Cambridge. The 'Propectinatites Band' may still be seen in the pit at Roslyn Hill (TL 550886, 1 km ENE of Ely cathedral) as a calcareous clay with septarian concretions near the top. bed 2 in the description by Roberts (1892, p. 66) , and yields fragmentary perisphinctids recorded by Roberts as 'Am. biplex' just as at Westbury. The same bed was also formerly exposed 3 km N in a pit at Chettisham station (Roberts, p. 70) , where it yielded a number of well-preserved macroconchs up to 220 mm in diameter (e.g. Sedgwick J59855-6) that allow the fauna to be precisely identified. These specimens are very close to the types of Perisphinctes atavus Schneid (1915, p. 94, pl. 2, fig. 2 , pl. 9, fig. l ) , from the Eudoxus Zone of Franconia; and Katroliceras sevogodensis Contini & Hantzpergue, 1975 (p. 12, pl. 4, fig. 4 ), from the Eudoxus Zone of Savoyeux, Hte SaBne, 'Marnes a Exogyres (sic)', horizon with Aulacostephanus contejeani (Thurmann).
Either could be combined with the Ely specimens within what would be an entirely usual range of intraspecific perisphinctid variability, and in all essential features of coiling and style of ribbing they are identical. They differ consistently from a slightly older but otherwise not dissimilar group, Katroliceras aceroides Geyer, 1961 (p. 41 ) from the equivalents of about the lower Mutabilis Zone sensu anglico. The appropriate generic name presents some problems, for the one popularly used for this group, Katoliceras These early forms appear suddenly in quantity in the upper part of the Autissiodorensis Zone, displacing the aulacostephanitids at the top of zone, and the lineage then continues upwards without interruption as the dominant element of the ammonite faunas in Britain into the Portlandian. They can be readily collected on the Dorset coast, whence came the type material, and their early ranges were seen also in the Warlingham borehole and on the Yorkshire coast (Callomon 1971, p. 161-162) . There are however further complications. The levels that yielded the type material of Propectinatites include also the type-horizon of the genus Subdichotomoceras Spath, 1925 (p. 119) . The type species of the latter, S. lamplughi Spath, has a microconch holotype (refigured by Arkell, 1957, p. L328, fig. 422 ) that came from the upper Autissiodorensis Zone of Speeton Bay, Yorkshire (referred to as Eudoxus Zone by Spath, but this in a wide sense before the 'Aulacostephpnus Zone' had been subdivided: the Eudoxus Zone in the modern restricted sense does not crop out of Speeton). It is uncrushed and lacks the test, but it differs little from the crushed microconch paratype of Propectinatites websteri Cope (1968, pl. 1, fig. l ) , which retains the shell. An uncrushed macroconch has been figured by Sheppard (1907, p. 277) , holotype of Subdichotomoceras speetonensis Spath, 1925 (p. 210 ; lost by bombing during the last war), and although perhaps more evolute and more densely ribbed than the macroconch holotype of P. websteri, it too has the characters essentially of the Pectinatitinae rather than of Crussoliceras. Questions of specific identity apart, there seems little reason for retaining the genus Propectinatites distinct from what would seem to be its senior subjective synonym, Subdichotomoceras.
To retain a special name for the beds with Crussoliceras would be useful because of its great value as a marker for correlations, and we propose that it should be called the Crussoliceras Band and that all references to Propectinatites should be dropped.
(C) Notes on non-ammonoid fossil markers Peak occurrences of a number of non-ammonoid fossils are widely used as stratigraphical markers in the Lower Kimmeridge Clay, e.g. in the Nana Beds, Virgula Limestone, Deltoideum delta Beds, Supracorallina Bed, and the Pentacrinus and Saccocoma Bands. The occurrence of these fossils at Westbury is discussed below.
(1) Nanogyra. The Jurassic Nanogyra was separated from the Cretaceous Exogyra by Beurlen (1958) . Cox pointed out in 1930 that the name Exogyra virgula (Defrance, 1821-31) is a junior synonym of E. striata (W. Smith, 1817), but Arkell (1933, p. 440, footnote 9) proposed retention of the name E. virgula as it has become firmly established in the literature. This proposal has been upheld in ICZN Opinion 310 (1954) .
According to Ziegler (1969) , Nanogyra virgula evolved from N . nana in the upper part of the Baylei Zone. In younger parts of the Kimmeridge clay the two are rarely found together in Britain. This is the case at Westbury where N. virgula is dominant, occurring in large numbers in certain layers from M1 upwards, particularly so in E5 and E7. In the Aquitaine Basin N. virgula becomes the dominant species at a similar level, in horizons XV-XVI (equivalent to the lower part of the Mutabilis Zone as here understood-see table 1) (Gautret & Hantzpergue, 1982) , but N. nana also continues through the rest of the Kimmeridgian as a subordinate species. However, both the relative abundances of N. nana and N . virgula as well as the range of variability of the latter appear to be strongly facies-dependent, so that the value of N. virgula as a stratigraphical marker may be limited. (2) Deltoidum delta (Smith, 1817). The species has been described by Arkell (1932, p. 149-SS) , and becomes common towards the top of the Oxfordian, where it flourished in large numbers in the Trigonia clavellata Beds. In the Kimmeridgian it is abundant in the lowest part (Baylei-?Lower Cymodoce Zone), where it can be rock-forming in the Ostrea delta beds. Thereafter it becomes rare or absent in Britain and Arkell (1932) recorded no specimen from any higher levels. Rare but otherwise typical D . delta has however now been found at Westbury well up in the Mutabilis Zone (M12 and M15) at isolated levels, perhaps suggesting a strongly facies-dependent habitat.
(3) Nicaniella ('Astarte') supracorallina (d70rbigny). Chavan (1945) introduced the genus Nicaniella in order to separate the small trigonal to trapezoidal species from Astarte s s . Astarte supracorallina was founded by d'orbigny without description (1850, p. 15). The type series did however include, besides material in the d'orbigny collection in Paris, the shell described and figured as A. minima by Goldfuss (1837, p. 192, pl. 134, fig. 15 ) non Phillips (1829), thereby escaping the status of nomen nudum assumed by Cox and Arkell (1948, p. iv) for many other Jurassic species of mollusca founded in the Prodrome. Whether the common and widespread species in the English Lower Kimmeridge Clay is in fact correctly identified as 'A.' supracorallina may not be easy to tell and is not important for the present purposes. It is the name that has been consistently used by English authors since the time of Blake (1875, p. 227), including Roberts (1892) , Arkell (1947) and Cox and Gallois (1976, 1981) . At Westbury, N. (Nicaniella) supracorallina is first found in the lower part of the Mutabilis Zone (M5) although is is recorded from the "Sequanian" (Upper Oxfordian) of France (de Loriol & Pellat, 1874), and probable precursors (subgenus Trautscholdia) go back at least as far as the Lower Callovian (Duff, 1978) . Above M5 at Westbury it is common at most horizons, but most profuse in a bed (M17) packed with shell detritus just below the Mutabilis Limestone. It is not certain whether this bed can be correlated exactly with the Supracoralina Bed at Osmington and Black Head on the Dorset coast described by Arkell (1947) and Cox & Gallois (1981) , and with the Supracorallina Bed in the Lower Kimmeridge Clay of eastern England described by Gallois & Cox (1976) , where it lies closer to the top of the Mutabilis Zone than at Westbury, but this may be the consequence of a slightly different definition of the base of the Eudoxus Zone from the one adopted here (see p. 306). (4) Pentacrinus. The Pentacrinus Bed (M8) is a very useful marker horizon. Although no complete specimens of the crinoid have been found, the abundance and rapjd weathering-out of the fragments makes it easily recognizable. The position of the bed in the middle of the Mutabilis Zone at Westbury correlates with the Pentacrinus Band of Gallois & Cox (1976) and Cox & Gallois (1981) elsewhere in southern England. (5) Saccocoma. The horizons containing this very useful marker have still to be found at Westbury.
(d) Organic carbon and carbonate content
Analysis for organic carbon and carbonate was carried out by standard techniques. 200 mg of crushed sample was heated to high temperature in pure oxygen until the formation of CO2 had ceased. The CO2 was estimated by infra-red spectrometry and calibrated to yield the percentage of total carbon in the original sample. Organic carbon alone was obtained by the same technique after prior treatment with hot concentrated HCl for 24 hours. The carbonate content was then calculated by difference, assuming that all the inorganic CO2 originated in calcium carbonate.
The results are plotted in Fig. 2 . They show a broadly inverse correlation between carbonate and organic carbon. The amount of organic carbon does not however correlate with the colour of the weathered rock at outcrop. The highest organic content (16.5%) occurred in the 'oil shale' at the base of bed E5.
CORRELATIONS AND AMMONITE ZONATION (a) Eastern England
There is a general correspondence, both faunal and lithological, between the succession at Westbury and the borings around the Wash. Thus the C6-M1 boundary at Westbury lies somewhere in Gallois & Cox's bed (GC)12,; the light-coloured clays with Rasenioides lepidulus and askepta, M l , corresponds to GC 13-15; the change to dark clays M2-6 parallels GC 1&17; the change back to lighter, calcareous silty clays at the base of M7, GC 18. Bed M8 in particular with its pentacrinoid ossicles, echinoid spines, Lopha and Pinna appears to have its equivalents within G C 18. Nicaniella ('Astarte supracorallina' auctt.) reaches its acme in M17 and GC 22, and the black clay of M16 immediately below may correspond to GC 20, both with an ammonite plaster of Au. eulepidus. Aspidoceras appears in the Mutabilis Limestone, M18, and in a similarly calcareous level in G C 24. The sharp faunal change from Aulacostephanoides to ~ulacosteph-anus appears to have its equivalent at the base of GC 26 or slightly higher, although there is said to be some overlap in the ranges of these genera around the Wash. The Crussoliceras Bed, E6, lies in the middle of GC 30. Correlation bed by bed closer than this is not possible. The subdivision of a section into beds is to some extent arbitrary, depending on changes in lithology or biofacies that are used to define the boundaries of the beds. The ability to detect such changes differs in borings and at outcrop. In the section at Westbury described here, the division into beds reflects changes in facies clearly visible on a moderately weathered, rain-washed slope, marked by sharp changes in colour or other details of lithology. Many of these had escaped detection in the adjacent borehole through the same succession. The CCM1 boundary, for instance, was not recorded. Instead, the base of G C 15 was drawn at an interburrowed junction 1.4m above the base of M1 that was quite inconspicuous at outcrop and recorded there as merely . The standard for comparisons in this region has been set up in the northern part of the Aquitaine Basin (A) in which the succession is most complete and fossiliferous (Hantzpergue, 1979 (Ziegler, 1962) and the Mutabilis and lower Zones do not appear to be exposed. In Normandy only the Baylei and Cymodoce Zones are well developed, but both are highly condensed and together yield ammonites from only three horizons. Thus, by far the most extensive, complete and well-exposed successions are those in Britain, and it is here that the standard successions must be defined.
The Cymodoce Zone was discussed on a previous occasion (Birkelund et al., 1978, p. 35) . Four ammonite horizons were distinguished in England: I, horizon of R. cymodoce (in the Wyke Siltstone of the Dorset coast); 11, R. involuta; 111, R. evoluta; and IV, R. askepta. Since then, several further horizons have been recognized in eastern England, Normandy and East Greenland and it has become clear that the dividing-line between Baylei and Cymodoce Zones is going to be determined largely by convenience. The pit at Westbury exposed only horizons 111 and IV, with perhaps 11, and therefore contributes little to the problem. It seems best to defer formal definition of the Cymodoce Zone, in terms of its base in a type section, until the relationships between all the horizons have been more fully worked out, despite Cox & Gallois' statement (1981, p. 14) that '(the Wyke Siltstone) therefore defines the base of the zone'. Should this definition be adopted, however, the base of the Zone would have to be drawn between Horizons V1 and V11 in Aquitaine (see Table l ) , one horizon higher than previously.
The boundary between Cymodoce and Mutabilis Zones has been particularly nebulous. As mentioned above, it has been transitionally put at the level at which 'Rasenia' changes to 'Aulacostephanus', meaning the transition from Rasenioides to Aulacostephanoides by the development of a ventral smooth band. This interpretation was followed by Birkelund et al. (1978) , so that their horizon IV (R. askepta) was still included in the Cymodoce Zone, and by Gallois & Cox (1976) and Cox & Gallois (1981) .
The transition is gradual-at Westbury it cannot be located more closely than as somewhere between M3 and M&and so it has led to differences of interpretation (Arkell & Callomon, 1961; Ziegler, 1963) . The new information from Westbury makes it clear, however, that this traditional boundary is gradual, difficult to recognize with limited material, hard to locate on the scale of correlations now being attempted even when material is good, and that ~asenioides and ~ulacoste~hanoides are merely successive evolutionary stages of the same lineage, the transition between which is of relatively little significance. It is not 'the' transition from Rasenia to Aulacostephanus, for Rasenia and Rasenioides are quite independent groups, both phyletically and provincially, and it is the distinction between these two that is profound. We should like to propose that the base of the Mutabilis Zone be drawn in Britain at the level at which 'the fine-ribbed Rasenids' suddenly become dominant, i.e. replace the previously dominant coarse-ribbed Rasenia s.s. At Westbury this is the junction between C6 and M1, and as shown above, this level can be traced into about the middle of bed GC12 in eastern England. On the Dorset coast it lies immediately above Cox & Gallois' 'Xenostephanus bed' (recte Rasenia ex gr. evoluta). In Scotland it lies somewhere between the First and Second Limestones at Eathie, Cromarty (Waterston, 1951 ; confirmed during a brief visit in 1979, and probably locatable more precisely), the type locality of R. askepta Ziegler.
In Aquitaine it lies between Horizons (A) XI1 and (A) XI11 (Table 1) and is thus a level that can be followed precisely over a large area. The cumulative evidence of Westbury, Warlingham and eastern England shows also that the Mutabilis Zone will be subdivisible into Subzones, e.g. Askepta Subzone for the lowest part, with Rasenioides; Mutabilis Subzone for a middle part with Au. mutabilis and Au. eulepidus; and the Orthocera Subzone of Aquitaine for the highest part with Aspidoceras. Formal definition must, however, await further evaluation of the ammonites.
The Eudoxus Zone in an unambiguously chronostratigraphical (Oppelian) sense goes back to Neumayr (1873, p. 211, 'Zone des Per. eudoxus and eumela'; 1887, p. 269, 319) for all the strata between Oppel's Tenuilobatus Zone and the Tithonian in the whole of NW Europe (Germany, France and England). In England it was used in the sense of 'Aulacostephanus beds' by among others Spath, interchangeably with Pseudomutabilis Zone; and to-day's restricted usage both in Britain and southern Germany, introduced by Ziegler (1962) , is now firmly established. It remains only to define it formally in terms of its base in a type section. The best biostratigraphical marker is the faunal break between predominantly fine-ribbed Aulacostephanoides and predominantly coarse-ribbed Aulacostephanus that is widely recognizable and which appears to be fairly sharp everywhere: between beds GC 25 and 26 in eastern England (slightly higher than the level taken by Gallois & Cox); between Horizons boat-slip at Osmington Mills (Cox & Gallois, 1981, p. 34 
